[Abstract] Triacylglycerols (TAGs) are esters formed from one glycerol and three fatty acids. TAGs are induced to accumulate in algal cells under environmental stress conditions including nutrient-limitation, hyperosmosis, and low temperature, for the storage of metabolic energy and carbon, and also for the consumption of excess energy (e.g., Hirai et al., 2016; Hayashi et al., 2017) . Beside their physiological significance, the commercial utilization of algal TAG has been expected for the production of biodiesel, the methyl esters of fatty acids, from the aspect of carbon-neutral conception. The amounts of TAGs can be determined through quantitative measurement of their constituent fatty acids. This protocol consists of the following three parts: the first is the extraction of total lipids from algal cells with the use of organic solvents, chloroform and methanol, according to the method of Bligh and Dyer (1959), the second is the separation of TAG from the other lipid classes by thin-layer chromatography (TLC), and the third is the production of methyl-esterified derivatives of their constitutive fatty acids and subsequent quantitation of them by capillary gas-liquid chromatography (GLC). This protocol adapted from Sato and Tsuzuki (2011) is used for TAG analysis in a green alga, Chlorella kessleri.
speed and stand it for 10 min to extract lipids from the cells.
7. Add 3.0 ml of chloroform once again and agitate the sample for intensive extraction of lipids by a vortex mixer for 30 sec at the maximum speed.
8. Add 3.0 ml of distilled water and vortex the sample for 30 sec for emulsification. Centrifuge the mixture at 1,000 x g for 5 min at room temperature for its separation into three phases, i.e., the upper phase of H2O and methanol, the medium phase of cell debris, and the lower phase of chloroform. There is no cell debris at the bottom of the tube. 9 . Transfer the lower phase including total lipids with a Pasteur pipette into a glass screw cap centrifuge tubes (50 ml vol.) with PTFE lined phenolic caps. Be careful not to pick up the cell debris or the upper phase. The remaining lower phase can be recovered by the subsequent procedure.
10. Add 3.0 ml of chloroform to the remaining upper and medium phases, and agitate the mixture for 30 sec with a vortex mixer. Centrifuge it at 1,000 x g for 15 min at room temperature.
11. Recover the lower phase to the glass tube at Step A9. 1 cm in depth. Close the lid for vapor saturation, which is promoted by the filter paper that has been soaked in the solvent. Stand the chamber for an hour or more to saturate it with the solvent vapor prior to the start of development. In order to ensure repeatability, the solvent is prepared freshly for each analysis.
2. Heat a TLC silica gel 60 plate at 120 °C for a couple of hours in an oven to activate the silica gel just before development. Don't touch the plate with bare hands during this procedure.
3. Draw a horizontal line that is about 2 cm away from the bottom side of a TLC plate with a carbon pencil, and outline a horizontally long rectangle (ca. 2 x 3 cm) on the horizontal line of the plate. Lines have to be gently drawn to avoid scraping off silica gel. Don't use an ink pen, www.bio-protocol.org/e2676 4. Apply 45% of the stored total lipid fraction to the rectangle spot with a glass microcapillary pipette or 100 µl microsyringe with 22s/51/2 needle, and air-dry it. Repeat this step several times until this fraction is completely transferred to this spot.
5. Apply 5-25 µl of standard TAG stock solution (1 mg/ml in chloroform, w/v) on the horizontal line next to the spot of the analyte samples.
6. Place the TLC plate in the chamber, cover the chamber with its lid, and allow the plate to develop until the solvent goes up to about 2 cm below the top side of the plate.
7. Remove the plate from the chamber and air-dry the plate.
8. Spray the plate with primuline (0.01% in 80% acetone, w/v) in a fume hood, and illuminate it under 365 nm UV light to detect lipid compounds as exhibiting a pale color (see Figure 1 ).
Outline the TAG spot with a pencil, judged from the position of TAG standard.
Note: To prevent the TAG spot from diffusing, avoid spraying excessive detection reagent. 
2. Put scraped silica gel of TAG and 5% of the total lipid fraction into the test tubes, respectively.
The latter lipid solution has to be air-dried under the flow of N2 gas. The remainder of the total lipid fraction, i.e., 50% of the initial level, can be stored at -80 °C for later analysis. 12. Analyze fatty acid composition of the sample with a capillary GLC (see Figure 2) . GLC is operated according to manufacturer's instructions. GLC operating conditions are shown in Table 1 . (Holm, 1999) .
Data analysis
1. Identify and calculate the peak areas of respective FAMEs on chromatogram with an integrator according to manufacturer's instructions. FAMEs identification is based on the retention times as compared with those of the standard FAME mixture (Supelco 37 component FAME Mix, 100 µg/ml solution diluted with n-hexane). Check that chromatogram is being integrated properly with the appropriate baseline being shown.
2. Quantitate each molecular species of FAME by using following Formula [1] with arachidic acid 3. The TAG content is estimated as 1/3 of the summed molar contents of its constituent fatty acids (Formula [3] ). Be careful that obtained values correspond to those included in respective samples that are analyzed. Alternatively, the content of TAG relative to that of total lipids is estimated on the basis of fatty acids (Formula [4] ). As shown here, multiplication of 'summed content of FAME from TAG' by 1/9 is necessary in accordance with the quantitative ratio of the total lipid fraction used for TAG analysis (45%) to that for total lipid analysis (5%). The quantitative results should be presented by mean values ± standard deviations from at least three experiments. FAME content (nmol) = 160 FAME peak area / FA molecular weight 20:0−ME peak area / 312 [1] Note: The peak area of FAME is conveniently divided by the molecular weight of FA, but not by that of FAME, in view of full responses of FAME carbon atoms except its carbonyl one in FID (Ackman and Sipos, 1964) .
Total lipids content (nmol fatty acids) = summed content of FAME from total lipids [2] TAG content (nmol) = summed content of FAME from TAG www.bio-protocol.org/e2676 
